Abstract: This study analyzed administrative claims by a US population with commercial or Medicare supplemental insurance to compare demographics, comorbid medical conditions, and health care utilization and costs among patients undergoing total hip arthroplasty (THA) with and without muscle atrophy/weakness (MAW). Patients were classified into three cohorts: having MAW during the 12 months previous to THA (pre-MAW); having MAW during or over the 12 months after THA (post-MAW); or no MAW claim (no-MAW). In total, 19,607 Medicare and 23,127 commercially insured patients were examined. Controlling for cross-cohort differences, both pre-MAW and post-MAW commercial cohorts had significantly higher total costs ($6,697 and $8,594, in USD respectively) and higher risk of all-cause hospitalization (odds ratios, 1.66 and 1.57, respectively) than the no-MAW cohort (all P , 0.05) during the 1-year follow-up. Similar trends were observed in the Medicare population.
Introduction
Total hip arthroplasty (THA) is one of the most commonly performed surgical procedures in the US, with an estimated 148,000 discharges among individuals aged 45-64 years and 168,000 aged above 65 years in 2010. 1 The most common reasons leading to THA are pain and decreased quality of life resulting from osteoarthritis. [2] [3] [4] Utilization of THA is projected to grow by 174% between 2005 and 2030 and will continue to grow substantially in the future because of an aging population and the obesity epidemic. 2, 5, 6 A previous study found that low muscle strength was common in patients with poor physical functioning after THA: 73% of the 78 THA patients who complained of poor functionality after THA had muscle weakness. 7 Muscle atrophy/weakness (MAW) has been found to persist for up to 2 years after hip replacement. 8 However, no study has examined whether patients with or without MAW have different demographic and clinical characteristics.
Although previous studies have used extensive real-world data to examine the utilization trend over time and outcomes among patients with THA, few have focused on the costs associated with THA. 2, 3, [9] [10] [11] Only one study over the past 10 years reported the annual costs before and after total joint replacement surgery in a commercially insured population with osteoarthritis, but that study did not distinguish between knee and hip arthroplasty. 12 No study to date has examined the associations between MAW and health care utilization and costs among patients with THA.
Using a large US claims database from 2005 to 2010, the present study compared the demographics, comorbid medical conditions, and health care costs and utilization among THR patients with and without MAW. Populations both younger than 65 years, and 65 years and older were included and were examined separately. Results from the present study, which uses the most recent data, may advance the understanding of the burden of THA and how MAW impacts health care costs and utilization.
Methods
The Truven Marketscan ® Commercial and Medicare Supplemental Insurance Databases (Truven Health Analytics, Ann Arbor, MI, USA) were analyzed for this study. Over 30 million enrollees from the commercial database (commercial population) were covered by approximately 100 payers that include large employers, health plans, government organizations, and public organizations. About 3 million enrollees in the Medicare Supplemental databases (Medicare population) were 65 years and older with both Medicare coverage as well as employersponsored supplemental insurance. These databases contain claims across inpatient, outpatient, and prescription drug services, as well as enrollment status, health plan type, and demographic characteristics such as age, gender, and region of residence. Medical service claims contain details of health service encounters such as date and place of service, provider type, plan-and patient-paid amounts, and International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) diagnoses and procedure codes. Pharmacy claims contain information on dispensed medications including the National Drug Code, dispensed date, quantity, days supplied, and plan-and patient-paid amounts. All records can be linked via unique and encrypted personal identifiers to provide a longitudinal view of the health care services received.
Only individuals who had an inpatient stay associated with THA (ICD-9-CM procedure code 81.51 or Current Procedural Terminology codes 27130 and 27132) between January 1, 2006 and September 30, 2009 were identified. The date of the first THA admission was denoted as the index date. Patients receiving a prior THA procedure from 1 year through 7 days before the index date were excluded; all patients included were aged 50 to 64 years for the commercial population and at least 65 years old for the Medicare population as of the index date. Finally, to assess the health care resource utilization and costs in the 1 year before and 1 year after the procedure, all included patients must have continuous coverage from the 12 months before the index date (the pre-index period) through the 12 months after the discharge date recorded on the index hospital stay (the postindex period). Because Medicare and commercial plans have different reimbursement procedures and payment rates, patients in the Commercial and Medicare databases were analyzed separately. Commercially insured individuals in the Truven MarketScan database include employees and their dependents who purchased insurance coverage from private health plans via their employers. Coverage and cost sharing (eg, deductibles and copay) vary from plan to plan. Medicare, regulated and funded by the US government, provides insurance coverage for aged (65 years old or older) and disabled persons. Studies have suggested that Medicare generally has a lower reimbursement rate than commercial plans for the same procedure or service. 13, 14 Because health care costs are the main study outcome, separate analyses on commercially insured and Medicare patients minimize the bias introduced by these different payment rates.
Within each population, each patient was further classified into three mutually exclusive cohorts: pre-MAW, post-MAW, and no-MAW. The pre-MAW cohort included patients with medical claims associated with MAW (ICD-9-CM codes 335.1x, 335.21, 359.xx, 728.2x, or 728.87; see detailed descriptions in the Supplementary materials) during the 12 months before the index hospitalization. The post-MAW cohort contained patients whose first MAW claim was dated during or within the 12 months after the index hospitalization. The no-MAW cohort included patients without any MAW claim over the entire study period. The cohorts were created based on the assumption that the pre-MAW cohort included individuals who had pre-existing MAW due to hip problems or other health conditions before receiving THA, and the post-MAW cohort included individuals who developed MAW after the THA.
Patient demographic characteristics included age, gender, region of residence, and type of insurance coverage. The proportion of patients with comorbid osteoarthritis, osteoporosis, and rheumatoid arthritis was estimated. The burden of chronic disease was approximated using an adapted Charlson comorbidity index (CCI), which creates a score based on the presence or absence of 23 chronic conditions identified from claims during the pre-index period. 15 Characteristics of the index hospitalization were assessed including the length of stay, total cost, and the patients' discharge status (ie, discharge to a skilled nursing facility [SNF] , home, inpatient rehabilitation facility, short-term submit your manuscript | www.dovepress.com
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hospital, other facility, and other alive status). Health care resource utilization incurred during the pre-and post-index periods was assessed, including the proportion of any use and frequency of hospital stays, physician office visits, outpatient hospital visits, and emergency department (ED) visits. Any use of SNF, inpatient rehabilitation facility, home health care, physical therapy, or occupational therapy over the post-index period was also compared across cohorts. Direct medical costs were estimated as the sum of health plan paid amount of all medical and pharmacy claims that dated during the pre-and post-index periods, and compared across MAW cohorts. Major cost components (ie, inpatient, outpatient, and pharmacy costs) were estimated and compared across MAW cohorts as well. All costs were adjusted to 2011 US dollars using the medical care component of the Consumer Price Index. 16 Patient demographic characteristics, comorbidities, health care resource use, and costs were summarized and compared among pre-MAW, post-MAW, and no-MAW cohorts, with no-MAW as the reference group. Chi-squared tests were used to detect statistically significant differences between cohorts for categorical variables (eg, gender, region of residence, health plan type, comorbidities, discharge status of index stay, and proportion with resource use); Student's t-test were used to assess differences in age, and the Wilcoxon rank-sum tests were used for CCI scores, length of index hospital stay, number of medical encounters by settings (ie, hospitalizations, physician office visits, outpatient hospital visits, and ED visits), and associated health care costs incurred during the pre-and post-index periods.
Generalized linear regressions with log link and gamma distributions were performed to assess the association between MAW cohorts and health care costs during the 12-month post-index period controlling for patient age, gender, region of residence, comorbid medical conditions, 17 For costs with many zero values (at least 10% of the patients), two-part models were then performed to estimate the marginal effects of MAW on health care costs. A logistic regression model was first applied to estimate the probability of having nonzero health care costs. 18 A generalized linear model was used in the second stage to estimate the health care costs among patients with nonzero costs. The estimated costs were calculated through multiplying the predicted probability generated from the logistic regression by the estimated conditional costs from the generalized linear model. The adjusted difference in health care costs of pre-MAW and post-MAW cohorts compared with the no-MAW cohort were calculated in the same way when costs were estimated via generalized linear regressions with log link and gamma distributions. The 2.5 and 97.5 percentile of the 1,000 estimated marginal difference estimates by bootstrapping the two-part model with 1,000 iterations were used to construct the 95% confidence interval (CI) for statistical significance. 19 The association between MAW status and the probability of having any all-cause and a hip replacement/revisionrelated hospitalization in the post-index period was examined via logistic regression. Additional explanatory variables included age, gender, US region of residence, comorbidities, CCI score categories, preperiod resource use, and discharge status of the index hospitalization. The odds ratio (OR) and 95% CI for each explanatory variable were reported. All analyses were conducted using SAS ® 9.2 (SAS Institute, Inc, Cary, NC, USA); P-values , 0.05 were considered to be statistically significant.
Results
Nearly 57,000 commercially insured individuals received THA between January 1, 2006 and September 30, 2009 (Table 1) ; among them, more than half (n = 28,662) had at least 12-month continuous enrollment before and after the index hospitalization with THA and did not have claims for THA in 7 days to 1 year before the index hospitalization. Of the remaining patients, 23,127 were between 50 and 64 years old and were included in the commercially insured analytical sample. Of the 30,597 Medicare beneficiaries who had THA between January 1, 2006 and September 30, 2009, 19,820 had an at-least 12-month continuous enrollment before and after the index hospitalization with THA, and did not have claims for THA in 7 days to 1 year before the index hospitalization. Among them, 19,607 were 65 years or older at the time of the THA and were included in the Medicare analytical sample. Of the selected individuals, 1.4% of the commercial population had MAW diagnoses prior to THA (pre-MAW) and 5.1% during or after their THA (post-MAW). Similar results were seen in the Medicare population, with 1.7% of individuals in the pre-MAW and 4.6% in the post-MAW cohorts, respectively. In both study populations, pre-and post-MAW patients were significantly more likely to be female and older (except for commercial post-MAW cohort) compared with patients in the no-MAW cohort. The majority of the commercial patients resided in the South, whereas the majority of the Medicare patients were in the Midwest region. More than half of the commercially insured patients were insured via preferred provider organizations, but most Medicare patients had comprehensive coverage. Approximately 90% of patients had osteoarthritis. The pre-MAW cohort in both the commercially insured and Medicare populations had a lower prevalence of osteoarthritis, but a higher prevalence of osteoporosis compared with the no-MAW cohort (all P , 0.05). Patients in the pre-and post-MAW cohorts had significantly higher CCI scores and a longer length of stay during the THA index hospitalization than did the no-MAW cohort (all P , 0.05) in both the commercial and Medicare populations. Total costs associated with the index hospitalization were higher in the post-MAW cohort than in the no-MAW cohort (both P , 0.05), but they were similar between the pre-MAW and no-MAW cohorts in both populations. More than three-quarters of patients in the commercially insured population were discharged home, whereas close to two-thirds of the patients in the Medicare population were discharged home, followed in frequency by discharge to SNF and short-term hospitals. Table 2 presents the health care utilization over the 12 month pre-and post-index periods in both the commercially insured and Medicare populations. In general, the pre-MAW and post-MAW cohorts had significantly higher health care resource utilization during the pre-and post-index periods than did the no-MAW cohort, including any hospital stay, total hospital days, any mean number of outpatient hospital visits, and the mean number of ED visits. Pre-MAW and post-MAW cohorts were also significantly more likely to use SNF, inpatient rehabilitation, home health, physical therapy, and occupational therapy during the postindex period than did the no-MAW cohort. Over 67% of the submit your manuscript | www.dovepress.com commercially-insured patients used physical therapy, 17% to 23% used occupational therapy, and 10% to 18% had a SNF stay over the 12-month post-index period. Among the Medicare patients, 30% to 53% had a SNF stay, 37% to 54% had a physical therapy visit, and 11% to 22% had used occupational therapy. Among commercially insured patients, the pre-MAW ($35,022) and post-MAW ($15,011) cohorts had higher mean total costs than the no-MAW patients ($12,952; both P , 0.05) over the pre-index period, with over 50% of the costs resulting from outpatient services (Table 3) . Total costs increased from the pre-to post-index period the most for the post-MAW cohort, followed by the no-MAW cohort, but remained similar for the pre-MAW cohort. During the post-index period, pre-MAW patients had the highest total costs ($33,847) followed by the post-MAW ($27,904) and no-MAW cohorts ($17,049). Similar trends were observed in the Medicare population. Marginal differences for the total and outpatient costs were calculated by generalized linear regression models, adjusting for age, gender, US region of residence, health plan type, related comorbidities, discharge status of index hospitalization, and pre-index resource use. Inpatient and pharmacy costs were calculated by two-part models adjusting for age, gender, US region of residence, health plan type, related comorbidities, discharge status of index hospitalization, and pre-index resource use. All costs are in USD. Abbreviation: MAW, muscle atrophy/weakness.
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After adjusting for patient demographic and clinical characteristics, commercial patients in both the pre-and post-MAW cohorts had significantly higher adjusted postindex total costs than those in the no-MAW cohort (adjusted cost difference: $6,697 and $8,594, respectively; both P , 0.05) (Figure 1) . Most of the total cost differences were attributed to the difference in inpatient costs ($5,681 and $6,121, respectively; both P , 0.05), followed by outpatient costs ($2,006 and $3,425, respectively; both P , 0.05). Similarly, the pre-and post-MAW cohorts in the Medicare population had significantly higher total costs than the no-MAW cohort (adjusted difference: $7,271 and $11,170, respectively; both P , 0.05). However, most of this variation was due to the difference in outpatient costs ($4,167 and $7,138 respectively; both P , 0.05).
Using logistic regression to control for cross-cohort differences in demographics, clinical, and economic characteristics, patients in the pre-MAW and post-MAW cohorts were more likely to have had a subsequent hospitalization during the 12-month post-index period than the no-MAW cohort (Table 4) . Specifically, compared with no-MAW patients, commercially insured patients in the pre-MAW and post-MAW cohorts were 66% (OR 1.66; 95% CI 1.31-2.11) and 57% (OR 1.57; 95% CI 1.38-1.80) more likely to have any hospitalization than those in the no-MAW cohort, respectively. A 28% higher risk for the pre-MAW cohort (not statistically significant) and 90% (statistically significant) for the post-MAW cohort were observed in the Medicare population. Other factors associated with a higher risk of any hospitalization include a higher CCI score (.1), comorbid rheumatoid arthritis and osteoporosis, being discharged to SNF, and prior inpatient and ED use. When assessing hip replacement-related hospitalization, a higher risk was observed only for the pre-MAW (OR 1.76; 95% CI 1:32-2.36) and post-MAW (OR 1.48; 95% CI 1.25-1.75) cohorts in the commercially insured population.
Discussion
The number of total hip arthroplasties performed in the US has increased substantially in the past decade, and the number will continue to rise in the future. 5 By year 2030, Kurtz et al 5 have predicted that over a half million THAs will be performed during that year. The associated health care costs are also predicted to increase substantially. 20 With the increased demand and costs associated with THA, it is important to understand the health care resource utilization and costs associated with THA and to identify subgroups of high-cost patients. To the best of our knowledge, this retrospective database study of both commercially insured and Medicare patients is the first to suggest that MAW is associated with higher health care utilization and costs among individuals who underwent THA. In particular, patients with MAW before receiving THA had the highest level of health care resource utilization and costs during the submit your manuscript | www.dovepress.com 12 months before the procedure among the three cohorts, and patients who developed MAW during or after the THA had the most substantial increase of health care costs and the highest health care costs during the 12 months after THA.
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Two studies have examined younger patients undergoing THA. 10, 12 However, one study is limited in terms of generalizability because it was conducted among veterans. The other study combined total knee and hip arthroplasty; therefore, it did not report results specifically for THA. The present study is, to the best of the authors' knowledge, the only study that uses the most recent data to provide patient characteristics, health care costs, and utilization for a patient population under 65 years of age undergoing THA. Consistent with findings from previous studies that examined THA in the Medicare population, the average age of the Medicare beneficiaries in the current study was mid-70s, and over 60% of patients were female. 9, 11 The length of hospital stay associated with THA was also similar to that in previous studies. The present study not only provided more detailed information on health care costs and utilization among Medicare patients after undergoing THA, but also confirmed that patients with MAW (before or after THA surgery) had higher health care resource use and costs than those without MAW. Therefore, health care providers may need to pay more attention to the high-cost subgroups when considering THA.
Patients in both the pre-MAW and post-MAW cohorts examined in this study were older and more likely to be female than those without MAW. As people age, muscle tends to be lost as part of the aging process. Studies also suggest that women are at a higher risk of developing MAW than men because women, in general, have less muscle mass and strength and lose muscle mass faster during menopause. [21] [22] [23] Individuals undergoing THA who had MAW also had poorer overall health (as reflected by a higher average CCI score); this is consistent with existing clinical studies that suggest MAW often exists in individuals with disabling chronic conditions, such as chronic obstructive pulmonary disease, heart failure, and osteoporosis. [24] [25] [26] [27] [28] [29] [30] Therefore, patients with overall poor health or many comorbidities may need to be further evaluated for MAW. Previous publications have found that MAW is reversible in many patients with timely and appropriate treatment as the development of MAW has been mainly attributed to long-term inactivity, biological changes resulting from aging or disease, and inadequate nutrition, and can be treated with a combination of appropriate exercise, nutrition, and pharmacological submit your manuscript | www.dovepress.com Dovepress Dovepress treatment. 27, [31] [32] [33] Treating MAW is especially important among patients receiving THA because MAW has been linked to impaired functional status, delayed rehabilitation, and increased risk of complications, such as joint instability and pain. 7, 8, 34 Patients with MAW in the present study also had significantly higher health care utilization and costs than did those without MAW. Appropriate management of MAW among patients undergoing THA may lead to improved patient functioning, better quality of life, and potentially to cost savings.
There are several limitations to be considered when interpreting the results of this study. The identification of MAW was based on diagnostic codes in the medical claims and may be underreported in the administrative claims due to unrecorded diagnosis. That can lead to including misclassified patients in the no-MAW cohort. Such misclassification is likely to bias the estimate of health care costs associated with MAW. Emergency or elective hip arthroplasty were not differentiated in this study, because such information is absent in administrative claims data. Emergency care is generally associated with high costs. Because the proportion with elective surgery across the MAW cohorts is unknown, it is difficult to assess the impact of elective or emergency surgery on the study conclusions. No eligible patients included in the study received a prior hip arthroplasty in the previous 12 months, and all must have had at least 1 year of continuous enrollment before and after the index THA hospitalization. Therefore, findings derived from the current study may not be generalizable to other populations. Indirect costs and opportunity costs were not included in this study. It is also plausible that there were unobservable confounders that were not adjusted, which could result in biased estimates. Hence, findings from this analysis can be interpreted as associations instead of causations.
Conclusion
Among US patients undergoing THA, those with MAW had higher health care resource use and costs as compared to those without MAW. Commercially insured patients with MAW were also more likely to have any all-cause, as well as replacement-related, subsequent hospitalization than those without MAW. 
